wk 9 of lactation, milk production was not adequately supporting calf growth; however, creep feed intake was able to compensate and rapid calf growth was maintained. Increasing milk production extended the PPI whereas increasing energy intake and EPBF shortened the PPI. A multiple regression including the linear and quadratic effects of energy intake and EPBF accounted for 71% (P<.01) of the variation in PPI. (Key Words: Calves, Creep Feed, Milk, Energy, Postpartum Interval.)
I ntroduction
Profitable cow-calf production requires that feed during lactation be sufficient for the cow to produce milk and to maintain or achieve the body condition necessary to rebreed. In a recent review on effects of nutrition on the postpartum interval (PPI), Dunn and Kaltenbach (1980) concluded that pre-and postcalving weight changes had little effect on the PPI of cows in good body condition at calving. However, for thin cows, postpartum weight gain was important.
Much of Dunn and Kaltenbach's conclusions were based on research by Whitman et al. (1975) , who used visual appraisal and palpation of fat cover to evaluate the condition of cows. While such appraisal is a valuable management tool, research requires a more objective estimate of body composition. One of the objectives of the present study was to evaluate the effects of energy intake on the PPI in cows that had known feed intake, milk production and body composition.
Feed intake can affect the performance of the calf as well as the carrying capacity of the range (Stricker et al., 1979) . The time when milk production will not support optimum calf growth and the age when dry feed intake impacts calf growth is not well defined. There-1068 JOURNAL OF ANIMAL SCIENCE, Vol. 58, No. 5, 1984 fore, a second objective of this study was to determine the age when feed intake by the calf had an affect on calf growth.
Experimental Procedure
Trial 1. Seventeen 6-yr-old Hereford, two 3-yr-old Hereford and four 2-yr-old Hereford x Angus lactating cows were alloted to energy treatments by calving date 1 wk after calving. They were individually penned and received a diet containing 63% total digestible nutrients (TDN, table 1) at levels providing either 120% (high energy, HE) or 100% (adequate energy, AE) of the NRC (1976) TDN requirements for a cow with average milk production. Feed samples were collected for later chemical analysis each time feed was mixed. Feed samples were analyzed for dry matter, ash, crude protein, ether extract (AOAC, 1975) , acid detergent fiber and neutral detergent fiber (Goering and Van Soest, 1970) . Cow weights, milk production and calf weights were determined at the start of the study (wk 1) and then every 2 wk until the end of the study (wk 13). To measure milk production, calves were separated from their dams for 12 h, allowed to suckle for 30 min, separated for an additional 12 h, weighed, allowed to suckle for 30 min and reweighed (Knapp and Black, 1941) . Twenth-four-hour milk production was calculated as double this single weigh-suckle-weigh measurement. Energy requirements were estimated using the equation proposed by Petit and Micol (1981) :
REQ(Mcal) = .12 x LW "Ts + 1.3
x milk production (kg).
The requirement (REQ) expressed in Mcal of Cpercentage on a dry matter basis.
din trial 1, determined by in vitro fermentation; in trial 2, determined in vivo with indigestible acid detergent fiber as an internal marker. eND = not determined. metabolizable energy (ME) was a function of the metabolic weight (LW'TS) of the cow and milk production. Dry matter digestibility (DMD) was determined in vitro using a 48-h single-stage digestion (Tilley and Terry, 1963) . Dry matter digestibility was assumed to be equivalent to TDN and, therefore, to contain 3.6155 Mcal of ME/kg (NRC, 1976) . Relative energy intake (RED, an expression of energy status, was determined by dividing the ME intake by the REQ. Calves were separated from the cows during feeding periods to prevent them from consuming the cow's feed. In order to determine the contribution of milk and creep feed to calf growth, one-half the calves in each energy treatment received creep feed starting at wk 1 of the study. The other calves did not receive creep feed until their average daily gain was less than .23 kg.
Trial 2. Thirteen 4-to 9-yr-old Hereford, two 3-yr-old Hereford • Angus and four 2-yr-old first-calf Hereford cows, were blocked according to expected calving date and randomly alloted to precalving protein treatments approximately 60 d before the start of the calving season. The cows were individually penned and received diets containing 150% (high protein, HP) or 85% (low protein, LP) of the NRC crude protein recommendations for cows in the last one-third of gestation (table 1) . Precalving cow weights were determined after a 24-h shrink at approximate 28-d intervals until calving. The first postcalving weight was obtained 48 h postpartum. The calving season started July 20, 1981 and lasted approximately 45 d. At calving, the cows were blocked according to protein treatment and calving date and realloted to postcalving energy treatments. Each energy treatment contained two first-calf heifers. A diet containing 57% TDN (table 1) was fed at levels providing approximately 100 (AE) or 80% (low energy, LE) of the NRC (1976) TDN recommendations for cows with average milk production. Fecal samples were collected twice daily by rectal palpation for a 5-d period from five randomly selected cows from each energy treatment. The DMD was determined using indigestable acid detergent fiber as an internal marker (Waller et al., 1980) . At birth, calves were weighed and calf vigor was scored (1 to 6Nuclear Medical Systems, Inc., 1533 Monrovia Ave., Newport Beach, CA 92667. 5; 1 = most vigorous; 5 = lethargic). Calves were alloted and received creep feed as in trial 1, except creep feed was not offered until wk 3 of the trial.
Cow weights, calf weights and milk production (Knapp and Black, 1941) were collected before the morning feeding 1 wk after calving and continuing every 2 wk until 13 wk after calving. Body composition was determined on the cows 5 wk before the start of the breeding season and again 3 d before the start of the breeding season using the urea dilution technique (Bartle et al., 1983) . The two estimates of body composition were averaged to give estimated percentage body fat (EPBF), which is expressed as a percentage of the edible carcass. Therefore, the actual fat in the total body may be somewhat less than the values presented. The breeding season began October 16, 1982 and lasted 45 d. Twenty days before the start of the breeding season, cows were penned together at night and estrus determined by visual observation and a testosterone-treated marker cow. Plasma progesterone was measured on biweekly blood samples to verify visual estrous observations and to determine if estrous periods had occurred before visual observation began. Serum progesterone concentrations greater than 3 ng/ml over a 2-wk period were considered verification of the start of estrus. Progesterone was assayed by a commercial kit (NMS-1014, Progesterone RIA Kit 6). This assay was validated for progesterone in bovine serum by demonstration of high recovery of progesterone added to bovine serum and by sequential dilutions of bovine serum parallelling the standard curve. Relative energy intake was determined as in trial 1.
Regression equations were computed and evaluated using the General Linear Models and the Stepwise Regression procedure of the Statistical Analysis System (SAS, 1979) . Body weights, milk production, EPBF and PPI of the treatment groups were analyzed for the effects of energy level, calf diet and age of dam for the cow data, with sex included in the model for the calf data. A preliminary report of this research has been made (Bartle et al., 1982) .
Results and Discussion
Shown in table 2 are the means and standard deviations for both trials for REI, postcalving cow weights, calf weights, milk production and EPBF by trial and energy treatment. The equation used to estimate REQ resulted in values very similar to NRC (1976) recommendations for average lactating beef cows. However, the average REI values were higher than the proposed values in the experimental procedures. In trial 2, the cows produced less than the 5.0 kg of milk/d used by the NRC to establish the recommendations. The AE level of intake resulted in weight changes of -.16 kg/d in trial 1 and -.07 kg/d in trial 2. In both trials the higher energy intake resulted in the highest (P<.05) average daily gains. Weekly milk production for each energy treatment is shown in figure 1 . In trial 1, the HE cows averaged .2 kg more milk per day (P<.01) than did the AE cows (table 2) . Time influenced the daily milk production (P<.01). Daily milk production decreased an average of .05 and .45 kg/wk in the HE and AE treatments, respectively (figure 1). Cow age did not affect average daily milk production during the 13-wk trial. Final calf weights, which averaged 104 and 100 kg for the HE and AE treatments, respectively, were not affected by energy treatment. Calf gain averaged .72 kg/d. The average final weight of bull calves was greater than that of heifer calves (104 vs 100 kg, respectively), but this difference was not significant (P=.41).
The effects of protein treatment on precalving cow weights, milk production, calf weight and calf vigor in trial 2 are shown in table 3. There was no difference between the precalving protein treatment in calf birth weight or calf vigor. The HP cows lost less weight than the LP cows from the start of the study to 48 h postcalving (P<.05). The HP cows averaged .8 kg more milk production per day (P<.01) than did the LP cows (table 3) . This may have been due to the fact that the HP cows lost less weight precalving and were in better condition (25.2 vs 15.2 EPBF) than the LP cows during lactation.
In trial 2, both groups of cows lost weight through wk 13. The losses differed (P<.05) and were -.07 and -.30/d (table 2) for the AE and LE cows, respectively. Neither energy treatment nor cow age influenced milk production. The milk production of the AE cows averaged 4.5 
. ); t-2, LE (
). The coefficients of determination were .09, .46, .13 and .09, respectively. kg/d and declined .14 kg/wk during the study (figure 1). The milk production of the LE cows averaged 4.1 kg/d; production increased from 4.0 kg in wk 1. to 5.2 kg in wk 7. The average decline was .06 kg/wk (figure 1). Energy treatment of the cow, sex of the calf and cow age had no effect (P>.10) on calf average daily gain. There was a trial x calf feed interaction for the multiple regression estimating calf gain from creep feed intake and milk production. In trial 1, 2.3 kg creep feed and 7.5 kg of milk were required per kg of gain. In trial 2, 11.3 kg of milk was required per kg of gain; however, there was a negative relationship between creep feed and gain. This negative effect of creep feed is attributed to the delayed addition of creep to the diet and low intakes during the initial 13 week after birth.
Weekly creep feed consumption of the free choice creel>fed calves and calves that did not receive creep feed until their average daily gain was less than .23 kg/d (restricted creep) are shown in figure 2. The free choice creep-fed calves started consuming feed at 33 d of age, which is similar to the 35 d of age reported by Bailey and Lawson (1981) .
The mean average daily gain of both groups of calves from wk 1 declined from about .9 kg in wk 3 to about .5 kg in wk 9. At wk 9, the calves receiving creep feed free choice were consuming almost 1 kg of creep feed/d (figure 2), which resulted in an increase in the average daily gain to .76 kg by wk 11. Also at wk 9, the restricted creep-fed calves started to consume creep feed (figure 2), indicating their average daily gain had declined to less than .23 kg/d. This study suggests that by wk 9, the cow's average milk production (5.0 kg/d) was only meeting the calf's requirement for maintenance. Therefore another source of feed was necessary to maintain rate of gain. This time is similar to the 8-wk period reported by Boggs et al. (1980) during which dry feed intake had little effect on calf average daily gain (milk production averaged about 5.8 kg/d), but shorter than the 13-wk period reported by Richardson et al. (1978;  milk production averaged 6.4 kg/d). Figure 2 . Weekly creep feed intake (kg) for the free choice creep-fed calves and the restricted creep-fed calves.
The PPI affects two factors of critical economical importance to the cow-calf producer, the age and weight of the calf at weaning and the ability of the cow to maintain a 365-d calving interval (Dunn and Kaltenbach, 1980) . Plasma progesterone values were similar to those reported by LaVoie et al. (1981) . There was no indication from plasma progesterone values that cows had been in estrus before the first observed estrus and plasma progesterone values above 3 ng/ml correlated with observed estrus. Therefore the observed estrus was used in calculating PPI. Precalving weight change was not related to the PPI in trial 2 (P>.50). This does not agree with the research of several researchers and the conclusions of Dunn and Kahenbach (1980) in a recent review on the effects of nutrition on the PPI. However, all cows in this trial lost weight during the precalving period (60 d). Most other studies involved a greater range in weight change with treatment periods of about 100 d. The PPI was not affected by cow age, postcalving weight changes or by changes in body composition as measured by urea dilution during the 30 d before the breeding season. The EPBF (average of two measurements), however, accounted for 36% of the variation in PPI. Therefore, effects of EPBF along with the average milk production during the first 9 wk of lactation and the average REI during the same period were evaluated for their effects on PPI. The two first-calf heifers fed the LE diet did not show estrus during the breeding season. Under normal management, first-calf heifers are rebred with the mature cows and the two heifers were not included in the relationships. Estimated percentage body fat was affected (P<.01) by cow age, with values of 6.5, 14.5, 15.6 and 22.8% for 2-, 3-, 4-and 7-yr-old cows, respectively. Due to the relationship between EPBF and cow age and the low numbers of 2-to 4-yr-old cows, cow age did not affect PPI and was therefore not included in the following relationships. A multiple regression estimating PPI was developed using the above factors. To achieve estrus in 60 d postpartum with REI = 1.0, 20% EPBF was required. The relationships are shown graphically in figure 3. Energy intake had little effect on PPI until REI was greater than 1.0, after which increasing REI resulted in a shorter period to first estrus. The PPI decreased as EPBF increased until the relationship plateaued at about 22% EPBF. As indicated in figure 3 , cows with greater than 20% EPBF, which probably corresponds to moderate condition, reached first postpartum estrus within 60 d after calving even at energy levels well below their requirements. This agrees with research by Whitman et al. (1975) and others discussed earlier.
Thus, while PPI was shown to be a function of EPBF and REI and not of milk production, milk production was shown to be an important factor in calf growth until the calves were at least 9 wk of age. After that time, dry feed intake by the calf becomes important in compensating for deficient milk production to maintain rapid calf growth. About 20% EPBF was necessary to achieve estrus in 60 d postpartum. Cows with less body fat had longer PPI. The length of the PPI could be shortened by increasing the energy intake above 100% of the requirements.
